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@ Horn antenna with a choke surface-wave structure on the outer surface thereof.

@ A horn antenna (130) for radiating or receiving a
microwave is provided with a plurality of axially
spaced radial fins {135) fixedly mounted on the outer
surface of the horn (131), which fins (135) form a
plurality of radial grooves (136) and a front axial
groove (138) each having a depth of approximately
Fequal to a quarter of a wavelength of the microwave.
<Those fins (135) and grooves (136, 138) form a
choke surface-wave structure which improves the
= radiation pattern and reduces undesired radiation
w=2and side lobe. A multimode horn arrangement for a
hhigher frequency wave is employed for the horn so
that two different frequency waves are efficiently
e\ radiated or received at a single horn antenna with a
°reduced side lobe and an excellent cross polariza-
tion characteristic. .
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HORN ANTENNA V.ITH A CHOKE SURFACE-WAVE STRUCTURE ON THE OUTER SURFACE THEREOF

Background of the Invention
1) Field of the Invention

The present invention relates to horn antennas
and parabolic antenna systems using the horn an-
tenna and, in particular, to improvements in the
horn antennas.

2) Description of the Prior Art

A horn antenna is usually used of radiating or
receiving a microwave. The horn antenna is some-
times used alone and is otherwise used together
with a parabolic reflector to form a parabolic an-
tenna system.

A known type of horn antenna is a circular
waveguide type having a circular cylindrical shape.

In this connection, the term "cylindrical™ should
not be restricted to having an element of "circle"
but should be understood to include having an
element of Tcircle," "ellipse,” ™rectangle” and
"other closed loop.” Therefore, in the present
specification including the description and claims,
the term "cylindrical” should be understood to
mean "having a shape determined by a closed
surface circumferentially extending around a cen-
tral axis and being in parallel with the central axis.

As well known in the prior art, the radiation
pattern characteristic of the waveguide horn an-
tenna is determined by a fransmission mode of the
horn, which usually is the dominant mode or TE,,
mode of the circular waveguide horn. Since the
dominant TE,, mode is asymmeiric about the cen-
tral axis of the horn, the radiation pattern of the
horn antenna is disadvantageously asymmetric
about the central axis.

In use of the circular waveguide horn together
with a parabolic reflector to form a parabolic an-
tenna system, the asymmetric radiation character-
istic results in reduced radiation efficiency of the
system and in deteriorated cross polarization
waves.

U.S. patent No. 3,212,096 by D. M. Schuster et
al discloses another horn antenna which comprises
a waveguide horn and a ground plane being moun-
ted at the horn aperture and having a choke
surface-wave structure on the front surface of the
ground plane. The radiation pattern of the homn
antenna is approximately symmetric about the cen-
tral axis due to provision of the choke surface-wave
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structure on the ground plane, and the side lobe is
also reduced because undesired current induced
on the outer surface of the horn is reduced due to
the ground plane.

However, the use of the ground plane having
the choke surface-wave structure disadvantageous-
ly results in an increased radial dimension of the
horn antenna.

When the horn antenna is used as a primary
radiator in a parabolic antenna system, the aperture
of the parabolic reflector is blocked over an in-
creased area by the primary radiator so that the
antenna gain of the parabolic antenna system is
reduced while the side lobe being increased.

Further, with respect to the known horn anten-
nas, it is impossible to efficiently radiate or receive
a plurality of waves of different frequencies by a
single antenna.

Summary of the Invention

Accordingly, it is an object of the present in-
vention to provide a horn antenna having an ap-
proximately symmetric.radiation pattern character-
istic and a reduced side lobe with a reduced radial
dimension of the antenna size.

It is another object of the present invention to
provide a horn antenna which can efficiently radiate
or receive two different frequency waves.

It is still another object of the present invention
to provide a parabolic antenna system having an
increased antenna gain and a reduced side lobe.

According 1o an aspect of the present inven-
tion, a horn antenna is obtained which comprises a
horn of an electric conductive material with a cylin-
drical outer surface portion thereof and an aperture
formed at a front end for radiating or receiving
microwave energy of a wavelength. The horn is
provided with a plurality of annular conductive fins
fixedly mounted at axially-spaced positions on the
cylindrical outer surface portion thereof. The con-
ductive fins generally radially extend in parallel with
one another and define annular grooves between
adjacent ones on the outer surface of the homn.
Each annular groove has a depth generally equal to
a quarter of the wavelength.

These fins and grooves form a choke surface-
wave structure on the cylindrical outer surface of
the horn, which serves to make the radiation pat-
tern of the antenna symmetric about the central
axis and to reduce the side iobe level.
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Since the horn antenna has a small radial di-
mension, a parabolic antenna system using the
horn antenna as a primary radiator has an in-
creased antenna gain and a reduced side lobe
level.

According to another aspect of the present
invention, a horn antenna for radiating or receiving
two different lower and higher frequency waves is
obtained which comprises a multimode horn and a
choke surface-wave structure formed on the outer
surface of the horn.

The muitimode horn has an aperture at a front
end and a cylindrical outer surface portion at the
front side thereof. The multimode horn is formed to
propagate a dominant or TE,, mode and a higher
mode for the higher frequency wave so that the
dominant mode and the higher mode are in-phase
with each other at the aperture of the horn. The
multimode horn is aiso formed to propagate only a
dominant or TE,, mode without any higher modes
for the lower frequency wave.

The choke surface-wave structure comprises a
plurality of axially spaced annular radial conductive
fins being fixedly mounted on the cylindrical outer
surface portion of the horn. The conductive fins
generally radially extends in parallel with one an-
other and define annular grooves between adjacent
ones on the cylindrical surface portion. Each an-
nular groove has a depth generally equal to a
quarter of a wavelength of the lower frequency
wave.

Brief Description of the Drawings

Figs. 1a and 1b are a front view and a
sectional view of a known circular waveguide horn
antenna, respectively;

Figs. 2a and 2b are a front view and a
partially sectional side view of another known horn
antenna, respectively;

Figs. 3a and 3b are a front view and a
partially sectional side view of a horn antenna ac-
cording to a first embodiment of the present inven-
tion, respectively;

Figs. 4a and 4b are graphical views illustrat-
ing radiation characteristics of a horn antenna ac-
cording to the embodiment of Figs. 3a and 3b;

Figs. 5a and 5b are a front view and a side
view of a parabolic antenna system using the horn
antenna in Figs. 3a and 3b;

Figs. 6a and 6b are a front view and a
partially sectional side view of a horn antenna ac-
cording to a second embodiment, respectively;

Figs. 7a and 7b are a front view and a
partially sectional side view of a third embodiment,
respectively;
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Figs. 8a and 8b are a front view and a
partially sectional side view of a fourth embodi-
ment, respectively;

Figs. 9a and 9b are a front view and a
partially sectional side view of a fifth embodiment,
respectively;

Figs. 10a and 10b are a front view and a
partially sectional side view of a sixth embodiment,
respectively;

Figs. 11a and 11b are a front view and a
partially sectional side view of a seventh embodi-
ment, respectively;

Figs. 12a and 12b are graphical views ilius-
trating radiation characteristics of the horn antenna
of Figs. 11a and 11b;

Figs. 13a and 13b are a front view and a
partially sectional side view of an eighth embodi-
ment, respectively; and

Figs. 14-16 are views for illustrating modi-
fications of a horn antenna of Figs. 13a and 13b,
with use of different multimode arrangements.

Detailed Description of Preferred Embodiments

Prior to description of preferred embodiments
of the present invention, known horn antennas will
be described at first in order to facilitate an under-
standing of the present invention.

Referring to Figs. 1a and 1b, a known circular
waveguide type horn antenna 20 comprises a cir-
cular cylindrical hom 21 having an aperture 22 at a
front end thereof. A circular radial flange 23 is
mounted at an opposite or rear end of the horn 21.

A circular waveguide (not shown) is connected
to the rear end of the horn 21 and jointed toc the
radial flange 23.

in operation, the wave guided through the
waveguide and the horn 21 is radiated from the
aperture 22,

Since the horn 21 and the waveguide con-
nected thereto are usually designed so that a trans-
mission mode of the guided wave is the dominant
mode or TE, mode, the horn antenna 20 has a
problem that the radiation pattern is asymmetric
about the central axis C of the horn, as described
above.

For radiating or receiving a wave of a fre-
quency f, by the homn antenna 20, the horn 21 is
designed to have the dominant mode TE,, for the
frequency f, without generation of any higher
mode. In use of the horn antenna for another wave
of a higher frequency f. (f. > f,), higher mode
waves such as TE., TM,, or others are also gen-
erated in addition to the dominant mode TE,, for
the frequency f,. Generation of those higher mode
waves deteriorates symmetry of the radiation pat-
tern and increases side lobe, so that the radiation
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efficiency is lowered and the cross polarization
waves are deteriorated. Therefore, the horn an-
tenna 20 is improper for radiating or receiving a
plurality of different frequency waves.

Referring to Figs. 2a and 2b, a horn antenna 30
shown therein is a type disclosed in the above-
described U.S. patent No. 3,212,096. The horn
antenna 30 comprises a circular waveguide horn 31
with an aperture 32 at a front end thereof and a
circular radial flange 33 at a rear end similar to the
horn 21 in Figs. 1a and 1b.

A circular conductive plate 34 is mounted adja-
cent the aperture 32 of horn 31 and is provided
with a choke surface-wave structure on the front
surface thereof. The choke surface-wave structure
comprises a plurality of conceniric conductive rings
35 which are radially spaced from one another and
fixed on the front surface of the plate 34. A plurality
of concentric annular grooves 36 are therefore de-
fined by the rings 35 on the plate 34. An axial
length of each ring 35 is designed so that each
groove 36 has a depth approximately equal to a
quarter of a wavelength of an operating frequency
of the horn antenna.

In radiating operation of the antenna, those
grooves 36 are excited by a wave radiated from the
horn aperture 32. Accordingly, the radiation pattern
of the antenna 30 is determined by not only an
electromagnetic field distribution at the horn ap-
erture 32 but also an electromagnetic field distribu-
tion at each groove 38, so that the radiation pattern
of the horn antenna 30 becomes approximately
symmetric about the central axis C in comparison
with the horn antenna as shown in Figs. 1a and 1b.
Moreover, the side lobe is lowered by provision of
the choke surface-wave structure as described
heretobefore.

However, a diameter D of the circular plate 34
is considerably larger than a diameter of the horn
31. Therefore, the horn antenna 30 has an in-
creased radial dimension.

Further, since the depth of each groove 36 can
be designed not for a plurality of radiating waves of
different frequencies, but for a single radiating
wave. Therefore, the horn antenna 30 is also im-
proper for use for radiating or receiving a plurality
of different frequency waves.

The present inventors experimentally found out
that the choke surface-wave structure is not neces-
sary to be formed in the radial ground plane but
can be formed on the outer cylindrical surface of
the horn without use of the radial ground plane so
as to improve the radiation pattern and the side
lobe.

The present invention is based on the newly
found-out knowledge. : -

10

15

20

25

30

35

45

50

55

Referring to Figs. 3a and 3b, a horn antenna 40
according to an embodiment of the present inven-
tion comprises a circuiar waveguide horn 41 with
an aperture 42 at a front end. A connecting flange
43 is mounted at a rear end of the horn 41 for
jointing a waveguide (not shown) connected to the
hom 41. The horn 41 is designed so that the
transmission mode of the guided wave is the domi-
nant mode or TE., mode.

A plurality of circuiar radial fins 44 are fixedly
mounted on an outer surface of the horn 41 and
axially spaced from one another. Those fins 44
radially extend from the outer surface of the horn
41 in parallel with one another by a distance ap-
proximately equal to a quarter of a wavelength (\)
of the guided wave, so that each two adjacent fins
define a groove 45 with a depth of about M4 on the
outer surface of the horn 41. Thus, a choke
surface-wave structure is made on the outer sur-
face of the horn 41 by provision of fins 44.

In operation, those grooves 45 are excited by a
wave radiated from the horn aperture 42. The radi-
ation pattern of the horn antenna 40 is determined
by not only the electromagnetic field distribution at
the horn aperture 42 but also the electromagnetic
field distribution at each groove 45. Therefore, the
radiation pattern is approximately symmetric about
the central axis C of the horn 41.

Further, an undesired current flowing on the
outer surface of the horn 41 is blocked by the
choke surface-wave structure of fins 44. Accord-
ingly, the undesired radiation is reduced and the
side lobe level is also lowered.

The number of fins 44 is two at minimum, and
the more is desired for the better effect. The space
between adjacent fins should be much less than
the wavelength ) of the radiated wave, for example,
M8 -N5. The thickness of each fin shouid also be
much less than the wavelength \, for example, M/20
or less.

Figs. 4a and 4b demonsirate radiation char-
acteristic of a particular horn antenna arranged
according to the embodiment of Figs. 3a and 3b.
The horn antenna has a horn aperture diameter of
0.7\, a groove depth of M4 and four grooves (that
is, five fins).

Referring to Fig. 4a, a curved solid line A and a
curved dashed line B represents a parallel polariza-
tion characteristic in the electric field plane and that
in the magnetic field plane, respectively. A curved
solid line C and a curved dashed line D in Fig. 4b
shows a cross polarization characteristic in the
electric field plane and that in the magnetic field
plane. -
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In comparison with a known horn antenna as
shown in Figs. 1a and 1b having the same homn
aperture diameter, the particular hormn antenna of
the present embodiment was confirmed to be im-
proved by about 3dB in symmetry of the parallel
polarized wave and by about 5dB in the cross
polarization waves.

Referring to Figs. 3a and 3b again, the horn
antenna 40 is provided with fins 44 around the
waveguide horn 41. Each fin radially extends by
only a distance approximately M4. Therefore, the
radial dimension of the horn antenna 40 is quite
small in comparison with the known horn antenna
30 having the choke surface-wave structure in Figs.
2a and 2b. Therefore, the horn antenna of Figs. 4a
and 4b is preferably used for a primary radiator in
a parabolic antenna system because blocking of
the wave reflected from a parabolic reflector is
reduced in comparison with the horn antenna of
Figs. 2a and 2b.

Referring to Figs. 5a and 5b, the horn antenna
40 of Figs. 3a and 3b is disposed at a focus of a
parabolic refiector 50, to thereby form a parabolic
antenna system. The wave radiated from the horn
antenna 40 is reflected by the reflector 50. The
reflected wave is not almost blocked by the horn
antenna 40 because the radial dimension of the
horn antenna 40 is small.

The present invention may be constructed with
not only the circular layout in Figs. 3a and 3b but
also a rectangular layout as shown in Figs. 6a and
6b as well as an elliptic layout as shown in Figs. 7a
and 7b.

Referring to Figs. 6a and 6b, a horn antenna 60
shown therein uses a rectangular horn 61. A plural-
ity of rectangular fins 62 is fixedly mounted on an
outer surface of the horn 61 and is axially spaced
from one another in the similar manner as in Figs.
3a and 3b. Each two adjacent fins 62 forms a
groove 63 with a depth of M4 therebetween on the
outer surface of the rectangular horn 61.

Referring to Figs. 7a and 7b, a horn antenna 70
comprises an elliptic horn 71 and a plurality of
elliptic fins 72. These fins 72 are mounted on the
outer surface of horn 71 in the similar manner as in
Figs. 3a and 3b. Grooves 73 with a depth of M4 are
formed between adjacent fins on the outer surface
of the horn 71.

Referring to Figs. 8a and 8b, a horn antenna 80
of a fourth embodiment is a modification of the first
embodiment of Figs. 3a and 3b. The horn antenna
80 comprises a circuiar waveguide horn 81 and a
plurality of fins 82 fixedly mounted on the outer
surface of the horn 81 to define grooves 83.

In this embodiment, each fin 82 is inclined

frontwardly, that is, formed in a funnel-shape open- -

ing frontwardty.
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Similarly, the radiation pattern is insured ap-
proximately symmetrical similar to the first embodi-
ment of Figs. 3a and 3b, but the radiation pattern
of the parallel polarized waves can be modified
according to the inclined angle of the fin 82.

Those horn antennas 60, 70, and 80 can be
also used for a primary radiator in a parabolic
antenna system in the similar manner as shown in
Figs. 5a and 5b.

Referring to Figs. 9a and 9b, a horn antenna 90
is characterized by an electromagnetic shielding
member 91 mounted on the horn antenna shown in
Figs. 3a and 3b. Similar parts are represented by
the same reference numerals.

The shieiding member 91 is in a funnel shape
having an inner hollow space, and is fixedly moun-
ted on the horn 41. The funnel shape shielding
member 91 is open frontwardly and encloses fins
44 within the inner hollow space.

The shielding member 91 serves to further
reduce undesired backward radiation.

Referring to Figs. 10a and 10b, a horn antenna
100 of a sixth embodiment is a modification of the
embodiment of Figs. 9a and 9b, and is character-
ized by a wave absorber layer 101 coated on an
inner surface of the shielding member 91. A rubber
based ferrite can be used for the wave absorber
layer 101. The undesired radiation can be further
reduced by the use of the wave absorber.

These shielding member and wave absorber
can be applied to horn antennas shown in Figs. 5a-
7b and also to horn antennas in Figs. 11a, 11b, and
13-16 as described hereinafter.

The use of the shielding member increases a
radial dimension of the horn antenna, and there-
fore, increases blocking of a wave refiected by a
parabolic reflector. However, since the horn an-
tenna having the shielding member has an im-
proved radiation pattern and a reduced side lobe
level, it can be advantageously used for a primary
radiator in a so-called offset type parabolic antenna
system, wherein a primary radiator is disposed at a
position not to block the wave radiated from the
reflector.

Referring to Figs. 11a and 11b, a horn antenna
110 of a seventh embodiment is aiso a modification
of the first embodiment of Figs. 3a and 3b. Similar
parts are represented by the same reference nu-
merals in Figs. 3a and 3b.

in this embodiment, a front side one of the fins
44, which is denoted by 111, is provided with an
annular flange 112 on the radial peripheral end.
The annular flange 112 axially extends frontwardly
from the radial end of the fin 111 by a distance
equal to about M4, so that an annular groove 113 is
defined by the outer surface of the horn 41, the fin
111, and the flange 112. The groove 113 is open
frontwardly and has an axial depth of about V4.
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A radiation characteristic of the horn antenna
110 is actually measured and is demonstrated in
Figs. 12a and 12b.

Referring to Fig. 12a, a curved solid line A
shows a parallel polarization characteristic in the
electric field plane, and a curved dashed line B in a
parallel polarization characteristic in the magnetic
field plane. Fig. 12b shows cross polarization char-
acteristics in the electric field plane and the mag-
netic field plane by a solid line C and a dashed line
D, respectively.

A similar radiation characteristic was also mea-
sured as to a comparing horn antenna only having
the axial groove 113 without radial grooves 45. As
a result, it was confirmed that the horn antenna 110
of this embodiment is superior to the ‘comparing
one by 1.5 dB in the symmetry of the radiation
pattern and by 5dB in the cross polarization waves.

in the above-described embodiments, the
present invention has been described in connection
with @ horn having a constant cross section over its
axial length. However, it is also possible to improve
the radiation pattern and the side lobe of flare type
horn enlarging frontwardly by providing the choke
surface-wave structure on the outer surface of the
flare type horn.

The above-described horn antennas 40-110
cannot efficiently radiate or receive two different
frequency waves, by the same reason as described
hereinbefore in connection with the known antenna
of Figs. 1a-2b.

An eighth embodiment is illustrated in Figs.
13a and 13b as a horn antenna which can be
advantageously used for radiating or receiving tw
different frequency waves. :

Referring to Figs. 13a and 13b, the horn an-
tenna 130 shown therein comprises a horn 131
having an aperture 132 at a front end. The horn
131 is provided with a radial flange 133 at a rear
end for jointing thereto a waveguide (not shown)
connected o the horn 131.

Two different frequency waves (f, and f,) are
guided through the waveguide and the horn 131,
and are radiated in the space from the aperture
132.

The horn 131 is designed so that only the TE,,
mode wave is propagated without higher mode for
a lower frequency (f.) wave and that the TE,, mode
wave and a higher mode, for example, TM,, mode
wave are propagated and are in phase with each
other at the aperture 132 for the other higher
frequency (f,) wave. This is realized by employ-
ment of a multimode horn arrangement.

In this embodiment, a muitiflare arrangement is
used. That is, the inner surface of the hom 13 is
formed with a plurality -of tapers (three tapers are
shown at 134a, 134b, and 134c) axially spaced
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from one another. The above-described require-
ment for design of the horn is achieved by select-
ing taper angles 6.-8;, axial lengths, and axial
spaces of tapers 134a-134¢.

The horn 131 is provided with a cylindrical
outer surface portion at the front side thereof, on
which a plurality of radial fins 135 are fixedly
mounted, as shown in Fig. 13b. These fins are
axially spaced from one another to form a plurality
of radial grooves 136 on the outer surface of the
hormn 131 in the similar manner as the above-
described first to seventh embodiments. Each
groove has a depth approximately equal to a quar-
ter of a wavelength (\,) of the lower frequency (f,)
wave.

A front side fin 135a is provided with an an-
nular flange 137 on the outer peripheral end, which
axially extends frontwardly. Thus, an axial groove
138 is formed by the annular flange 137, fin 1354,
and the outer surface of horn 131. The axial groove
138 is open frontwardly and has an axial depth of
about \/4.

These axial and radial grooves 138 and 135
form the choke surface wave structure for the lower
frequency (f,) wave.

it will be noted that the axial groove 138 can be
omitted be deleting the annular flange 137 to form
a similar choke surface-wave structure as shown in
Fig. 3b.

In operation, only dominant mode or TE,, mode
wave is radiated from the aperture 132 for the
lower frequency (f)) wave. However, the radiation
pattern is approximately symmetric with the central
axis C and undesired radiation is blocked by effect

" of the choke surface-wave structure in the similar

manner as described in connection with the em-
bodiment of Figs. 3a and 3b.

For the higher frequency (f.) wave, TE,, mode
wave and TM,; mode wave are in-phase with each
other at the aperture 132. Therefore, the higher
frequency wave is radiated from the aperture 132
with symmetric radiation pattern about the central
axis C and with a reduced side lobe level. .

Thus, the horn antenna 130 can be used for
radiating or receiving fwo different frequency
waves.

Further, the horn antenna 130 has a small
radial size and therefore, can be used as a primary
radiator in a parabolic antenna system in the simi-
lar manner as shown in Figs. 5a and 5b. Thus, a
parabolic antenna system for radiating or receiving
two different frequency waves can be obtained with
a small blocking of waves reflected by the para-
bolic reflector.

Figs. 14-16 show different modifications of the

- horn antenna of Figs: 13a and—13b. Similar parts —

are represented by the same reference numerals
as in Figs. 13a and 13b.
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Referring to Fig. 14, a so-called flare-iris ar-
rangement is employed for the multimode arrange-
ment. Selection of flare angle 8 and iris 141 can
produce a higher mode such as TM,, mode wave
being in-phase with TE,, mode at the horn aperture
for a higher frequency wave without generation of
any higher modes for a lower frequency wavs.

Referring to Fig. 15, a step type arrangement
is employed for the muitimode horn wherein a
higher mode wave is produced at a step portion
151 for a higher frequency wave without generation
of any higher modes for a lower frequency wave.

Referring to Fig. 16, a dielectric element load-
ed type is used for the multimode arrangement
wherein a dislectric element 161 is loaded on the
inner surface of a flare horn for producing TM,,
mode for the higher frequency wave.

These horn antennas of Figs. 14-16 are also
used as a primary radiator in a parabolic antenna.

Claims

1. A horn antenna comprising a horn of an
electric conductive material with a cylindrical outer
surface portion thereof, and an aperture formed at
a front end for radiating or receiving microwave
energy of a wavelength therefrom, the horn an-
tenna further comprising a piurality of annular con-
ductive fins fixedly mounted at axially-spaced posi-
tions on said cylindrical outer surface portion of
said horn, said conductive fins generally radially
extending in paraliel with one another and defining
annular grooves between adjacent ones on the
outer surface of said horn, each annular groove
having a depth generally equal to a quarter of said
wavelength.

2. A horn antenna as claimed in Claim 1,
wherein said horn is a circular waveguide horn with
a circular opening as said aperture, each of said
fins having a circular radial outer contour.

3. A horn antenna as claimed in Claim 1,
wherein said horn is a rectangular waveguide horn
with a rectangular opening as said aperiure, each
of said fins having a rectangular radial outer con-
tour.

4. A horn antenna as claimed in Claim 1,
wherein said horn is an elliptic waveguide horn with
an elliptic opening as said aperture, each of said
fins having an elliptic radial outer contour.

5. A horn antenna as claimed in Claims 1 to 4,
wherein each of said fins is in a funnel shape to
open towards the front side of said horn.

6. A horn antenna as claimed in Claims 1 to 5,
which further comprises an electromagnetic shield-
ing member being in a form of -a funnel having an
inner hollow space, said shielding member being
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mounted on said horn and opening towards the
front side of said horn to enclose said fins in said
inner hollow space.

7. A horn antenna as claimed in Claim 6, which
further comprises a wave absorber layer coated on
an inner surface of said shielding member.

8. A horn antenna as claimed in Claims 1 to 7,
wherein a specific one of said fins is disposed at a
frontward position more than the other fins in the
axial direction, said specific fin being provided with
an annular flange on the radial outer end thereof,
said annular flange axially extending frontwardly
from said radial outer end by a distance generally
equal to a quarter of said wavelength so that a
frontwardly opening axial groove is formed by said
specific fin, said annular flange, and said outer
surface portion of the horn.

9. A parabolic antenna system comprising a
parabolic reflector having a focus and a primary
radiator positioned at the focus, said primary radia-
tor comprising a horn of an selectric conductive
material with an annular outer surface portion there-
of and a aperture formed at a front end directed to
said parabolic deflector, the system further com-
prising a piurality of annular conductive fins fixedly
mounted at axially-spaced positions on said cylin-
drical outer surface portion of said horn, said con-
ductive fins generally radially extending in parallel
with one another and defining annular grooves be-
tween adjacent ones on the outer surface of said
horn, each annular groove having a depth generally
equal to a quarter of said wavelength.

10. A horn antenna for radiating or receiving
two lower and higher frequency waves, which com-
prises a multimode horn having an aperture at a
front end and a cylindrical outer surface portion at
the front side thereof, said multimode horn being
formed to produce a dominant mode wave and a
higher mode wave for the higher frequency wave
so that the dominant mode wave and the higher
mode wave are in-phase with each other at said
aperture of the horn, said multimode horn being
also formed to produce only a dominant mode
wave without any higher mode wave for the lower
frequency wave, said multimode horn being pro-
vided with a plurality of axially spaced conductive
radial fins being fixedly mounted on said cylindrical
outer surface portion, said conductive fins generally
radially extending in parallel with one another and
defining annular grooves between adjacent ones on
said cylindrical outer surface portion, each annular
groove having a depth generally equal to a quarter
of a wavelength of the lowsr frequency wave.

11. A horn antenna as claimed in Claim 10,
wherein a specific one of said fins is disposed at a

frontward position more than the other fins in the

axial direction, said specific fin being provided with
an annular flange on the radial outer end thereof,
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said annular flange axially extending frontwardly
from said radial outer end by a distance generally
equal to a quarter of the wavelength of the lower
frequency wave so that a frontwardly opening axial
groove is formed by said specific fin, said annular
flange, and said outer surface portion of the horn.

12. A horn antenna as claimed in Claim 11,
wherein said multimode horn is a multiflare hom.

13. A horn antenna as claimed in Claim 11,
wherein said multimode horn is a flare-iris horn.

14. A horn antenna as claimed in Claim 11,
wherein said multimode horn is a step-type horn.

15. A horn anienna as claimed in Claim 11,
wherein said multimode horn is a dielectric element
loaded horn.

16. A parabolic antenna system for radiating or
receiving two higher and lower frequency waves,
which comprises a parabolic reflector having a fo-
cus and a primary radiator positioned at the focus,
said primary radiator comprising a muitimode horn
having an aperture at a front end and a cylindrical
outer surface portion at the front side thereof, said
muitimode horn being formed to produce a domi-
nant mode wave and a higher mode wave for the
higher frequency wave so that the dominant mode
wave and the higher mode wave are in-phase with
each other at said aperture of the horn, said mul-
timode horn being also formed to produce only a
dominant mode wave without any higher mode
wave for the lower frequency wave, said multimode
horn being provided with a piurality of axially
spaced conductive radial fins being fixedly moun-
ted on said cylindrical outer surface portion, said
conductive fins generally radially extending in par-
allet with one another and defining annular grooves
between adjacent ones on said cylindrical outer
surface portion, each annular groove having a
depth generally equal to a quarter of a wavelength
of the lower frequency wave.
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